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PURPOSE: To obtain a good workability hot dip plated high strength steel sheet 
excellent in fatigue durability and local def orraability by forming a steel sheet 
having a specified compsn. constituted of C, Mn, Si, V, Ti, Nb and Fe into a 
specified microstructure. 

CONSTITUTION: The hot dip plated high strength steel sheet excellent in 
characteristics has a compsn. contg., by weight, ^0.06% Cj_ 0.2 to 3.0% Mn and ^ 
1.5% Si, furthermore contg. total 0.005 to 0.3% of one or more kinds of alloy 
elements among ^0.2% V, ^0.2% Ti and ^0.1% Nb and moreover contg., at need, total 
^4.0% of one or more kinds of alloy elements among ^2.0% Cu, =£1.0% Mo and ^1.5% 
Cr or one or two kinds of ^0.01% Ca and ^0.1% rare elements, and the balance Fe 
with inevitable impurities, and the main phase of the microstructure of the steel 
sheet finally obtd. is constituted of f errite or bainite, and, as to iron carbides 
in grain boundaries, the occupying volume rate is regulated to =$0.1% and the 
maximum grain size is regulated to iSlum. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Less than [ Si: 1 .5 % of the weight ] is contained C:0.06 or less % of the weight and Mn:0.2- 
3.0% of the weight. One sort or two sorts or more of alloy elements in these are included 0.005 to 0.3% 
of the weight in total further V:0.2 or less % of the weight in less than [ Ti:0.2 % of the weight ] and not 
more than Nb:0. 1 % of the weight. The main phase of the microstructure of the steel plate which 
consists of the remainder Fe and an unescapable impurity, and is finally obtained is a ferrite or bainite, 
and the pulse duty factor of the iron carbide in a grain boundary at 0. 1% or less And the right 
workability hot-dipping high intensity steel plate excellent in the fatigue property characterized by the 
maximum particle diameter of this iron carbide being 1 micrometer or less, and local deformability. 
[Claim 2] Cu: The right workability hot-dipping high intensity steel plate excellent in the fatigue 
property according to claim 1 characterized by including one sort or two sorts or more of alloy elements 
in these 4.0 or less % of the weight in total in less than [ 2.0 % of the weight ], less than [ Mo:l .0 % of 
the weight ], and not more than Cr: 1 .5 % of the weight, and local deformability. 
[Claim 3] calcium: Less than [ 0.01 % of the weight ] or rare earth elements (REM): The right 
workability hot-dipping high intensity steel plate excellent in claim 1 characterized by containing one 
sort in these, or two sorts in 0. 1 or less % of the weight of the range, or a fatigue property and local 
deformability given in two. 

[Claim 4] The right workability hot-dipping high intensity steel plate excellent in a fatigue property and 
local deformability given in either of claims 1, 2, and 3 characterized by the martensite in a 
microstructure and the sum total of the rate of area of a pearlite being less than 4%. 
[Claim 5] The right workability hot-dipping high intensity steel plate excellent in a fatigue property and 
local deformability given in either of claims 1, 2, 3, and 4 characterized by being satisfied with 
coincidence of lambdaxsigma 0.8>=50 and sigma w/sigma >=0.6. 

[Claim 6] In performing hot dipping to a steel plate The maximum heating temperature of a hot-dipping 
process The range of the formula (B) specified by the weight ratio (Ti+Nb) / C of the formula (A) or CT 
and Ti+Nb as which (it is called ST(degree-C)) is specified by weight ratio V/C of the winding 
temperature at the time of hot-rolling (referred to as CT (degree C)) and the addition of V and C, and C 
addition at least either The manufacture approach of a right workability hot-dipping high intensity steel 
plate excellent in a fatigue property and local deformability given in either of claims 1, 2, 3, 4, and 5 
characterized by being satisfied. 
[Equation 1] 
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(A) 1500- A / 1500' -4 • (551000 -1400: + 21. 3CT) / 2 < ST 



— + 21.3CT)L 



V \ 
+21.3CT)j, 



£ ^1500+ A I ma' - 4 • (551000 - L400 + 21. 3CT) )/ 2 

[Equation 2] 

/Ti + Nb\' CT 
C B ) ST^ 1750- 28 f ] -2.0 



Tl + Nb 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used for the structures, such as an automobile, and relates to 
lightweight-izing of structure, energy saving, and the hot-dipping high intensity steel plate which can 
contribute to improvement in safety and its manufacture approach. 
[0002] 

[Description of the Prior Art] high-intensity-izing of steel materials — ** — there are organization 
strengthening using low-temperature transformation products, such as precipitation strengthening of the 
ferrite matrix by detailed sludges, such as solid solution strengthening of the ferrite matrix by alloy 
elements, such as Si and Mn, **Nb, and Ti, V, ** pearlite, bainite, and martensite, fine grain 
strengthening by detailed-izing of** ferrite particle size, processing strengthening by ** cold working, 
etc., and the product which employed each description efficiently is supplied to the commercial scene. 
[0003] In applying a high intensity steel plate to the structures, such as an automobile, and aiming at 
lightweight-izing, energy saving, improvement in safety, etc. a rise of a steel plate on the strength ~ the 
various workability ability (for example, a deep-drawing moldability --) of (1) steel plate The 
improvement in stretch-forming nature, burring workability, etc., maintenance of (2) weldability and a 
heat-resistant softening degree, improvement, maintenance of (3) endurance (for example, fatigue 
endurance and corrosion endurance), improvement, etc. are required, and the combination of the 
property which changed with use parts is required. For example, when a high intensity steel plate is 
applied to the roadwheel disk for automobiles, the steel plate excellent in high press-forming nature 
(especially ductility) and fatigue endurance is demanded. 

[0004] The ferrite / martensite 2 phase organization steel plate (the so-called Dual Phase:DP steel plate) 
is proposed as what meets such a demand (for example, JP,56-18051,B and JP,59-45735,B). This DP 
steel plate is excellent in fatigue endurance compared with the high intensity steel plate strengthened by 
other various strengthening devices, and is contributing to the thinning (lightweight-izing) and the 
improvement in endurance in a roadwheel disk. Moreover, by the part by which complicated fabrication 
is demanded, the Takanobu nature high intensity steel plate (JP,63-4017,A) which improvement in 
homogeneous deformation ability is required, for this reason contains retained austenite at a room 
temperature is proposed. Moreover, the Takanobu nature high intensity steel plates (JP,61-19733,A etc.) 
of Si addition mold are proposed as a steel plate which raised the local deformability represented with 
the circumference components of a guide peg of an automobile etc. by the spreading nature which poses 
a problem. In case it applies to the structures, such as an automobile, as a steel plate which combines the 
welding (spot welding, butt welding, arc welding, etc.) nature and the heat-resistant softening property 
which become important, and workability, the low alloy high intensity steel plate (HSLA steel plate) of 
a precipitation-strengthening mold is used widely. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the precipitation-strengthening high intensity steel 
plate excellent in the Takanobu nature high intensity steel plate, the weldability, the heat-resistant 
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softening property, and spreading workability of Si addition mold excellent in the local deformability 
represented by spreading processing which was mentioned above is inferior to fatigue endurance 
compared with DP steel, and is not used for the part to which fatigue endurance is demanded. On the 
other hand, since spreading workability is greatly inferior in DP steel plate which is excellent in fatigue 
endurance compared with other high intensity steel plates, the use part is restricted. 
[0006] Thus, by the part positioned as an important Safety Department article in the structures, such as 
an automobile, in spite of requiring coexistence of improvement in fatigue endurance, and improvement 
in the local deformability represented by spreading nature generally, the steel plate which is now 
satisfied with coincidence of these both, and its manufacture approach are not shown. Therefore, both 
the purposes of this invention are to offer the hot-dipping high intensity steel plate with which are 
satisfied of fatigue endurance and spreading nature, and its manufacture approach. 
[0007] 

[Means for Solving the Problem] It found out that this invention persons were able to reconcile the high 
fatigue strength which uses the main phase organization as a ferrite or bainite and by which the hot- 
dipping steel plate which controlled the amount and size of the iron carbide which exists in a grain 
boundary has been made conventionally difficult as a result of investigating the rule factor of fatigue 
strength or local deformability fundamentally through various experimental examination, and good 
spreading workability (local deformability). 

[0008] That is, the place made into the summary of this invention is as follows. 
(1) C:0.06 or less % of the weight, Mn:0.2-3.0 % of the weight, Less than [ Si:1.5 % of the weight ] is 
contained. Further V:0.2 or less % of the weight, less than [ Ti:0.2 % of the weight ], One sort or two 
sorts or more of alloy elements in these are included 0.005 to 0.3% of the weight in total in not more 
than Nb:0.1 % of the weight. The main phase of the microstructure of the steel plate which consists of 
the remainder Fe and an unescapable impurity, and is finally obtained is a ferrite or bainite, and the 
pulse duty factor of the iron carbide in a grain boundary at 0.1% or less And the right workability hot- 
dipping high intensity steel plate excellent in the fatigue property characterized by the maximum particle 
diameter of this iron carbide being 1 micrometer or less, and local deformability. 
[0009] (2) The right workability hot-dipping high intensity steel plate excellent in the fatigue property 
and local deformability of the preceding clause 1 publication characterized by including one sort or two 
sorts or more of alloy elements in these 4.0 or less % of the weight in total in less than [ Cu:2.0 % of the 
weight ], less than [ Mo: 1 .0 % of the weight ], and not more than Cr: 1 .5 % of the weight. 
(3) Less than [ calcium:0.01 % of the weight ] or rare earth elements (REM) : the right workability hot- 
dipping high intensity steel plate excellent in the preceding clause 1 characterized by containing one sort 
in these, or two sorts in 0.1 or less % of the weight of the range, or a fatigue property and local 
deformability given in two. 

[0010] (4) The right workability hot-dipping high intensity steel plate excellent in a fatigue property and 
local deformability given in either of the preceding clauses 1, 2, and 3 characterized by the martensite in 
a microstructure and the sum total of the rate of area of a pearlite being less than 4%. 
(5) The right workability hot-dipping high intensity steel plate excellent in a fatigue property and local 
deformability given in either of the preceding clauses 1, 2, 3, and 4 characterized by being satisfied with 
coincidence of lambdaxsigma 0.8>=50 and sigma w/sigma >=0.6. 

[001 1] (6) In performing hot dipping to a steel plate The maximum heating temperature of a hot-dipping 
process The range of the formula (B) specified by the weight ratio (Ti+Nb) / C of the formula (A) or CT 
and Ti+Nb as which (it is called ST(degree-C)) is specified by weight ratio V/C of the winding 
temperature at the time of hot-rolling (referred to as CT (degree C)) and the addition of V and C, and C 
addition at least either The manufacture approach of a right workability hot-dipping high intensity steel 
plate excellent in a fatigue property and local deformability given in either of the preceding clauses 1, 2, 
3, 4, and 5 characterized by being satisfied. 
[0012] 
[Equation 3] 
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(A) 1500- a 1500 1 - 4 • (551000 - 1400 + 21. 3CT) ]/ 2 SST 
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^{ 1500+ A / 1500* - 4 -(551000 - 1400 + 21.3CT)^/2 

[0013] 
[Equation 4] 

/Ti + Nb\ 2 CT 
(B) ST^ 1750- 28 ( J -2.0 



Ti + Nb 



[0014] 

[Function] the fatigue strength of a high intensity steel plate — usually — the reinforcement of a steel 
plate -- going up - the breaking strength of a steel plate — it is said that it has about 1/2 magnitude 
about. However, changing with the microstructures of a steel plate is reported until now ("ingredient" of 
volume [ 38th ] 429 No. 15-21 pages), and optimization of the microstructure of a steel plate is 
important for this fatigue strength. Generally the reinforcement of a steel plate is 2 50 kgf(s)/mm. If it 
exceeds, the ratio of the fatigue strength / steel plate reinforcement of a steel plate will become small, 
and the effectiveness of the rise on the strength exerted on the increment in fatigue strength will become 
small. As a result of this invention persons' investigating generating of the fatigue crack under repeated 
stress in a detail using the low alloy high intensity steel plate (HSLA steel) which added and 
strengthened Nb etc., it found out having barred the rise of only the fatigue strength to which a header 
and these balance [ a fatigue crack occurring in the massive or tabular iron carbide reason which exists 
in a grain boundary, and having not contributed to propagation inhibition of a crack of grain boundary 
iron carbide hard / these /, and ] a rise of a steel plate on the strength. The experimental result of the 
above-mentioned knowledge is shown in drawing 1 . Therefore, it is effective in raising the fatigue 
strength of a steel plate to decrease big and rough grain boundary iron carbide the same with optimizing 
the microstructure of a steel plate. Moreover, in order to raise the fatigue strength of a steel plate, it is 
more more important than lowering the rate of iron carbide area in a steel plate (fV) to reduce the carbide 
space factor of a grain boundary. It is greatly dependent on the reinforcement and particle size of a 
ferrite matrix, and the fatigue strength of a steel plate is controlling the amount and size of the iron 
carbide which exists in a ferrite grain boundary, and strengthening of the steel plate by solid solution 
strengthening, precipitation strengthening, grain-refining strengthening, etc. commits it to the 
improvement in fatigue strength of a steel plate effectively. 

[0015] The spreading workability at the time of using the matrix of a steel plate as a ferrite or bainite 
changes with the amounts and sizes of iron carbide which exist in a grain boundary also about the local 
deformability of a steel plate. The experimental result is shown in drawing 2 . It became clear that the 
steel plate which controlled grain boundary iron carbide by selection of an exact steel plate chemical 
entity and selection of manufacture conditions had very good spreading workability. 
[0016] Thus, since the local deformability represented by the fatigue strength and spreading workability 
of a steel plate changed with the iron carbide which exists in a grain boundary, it became clear by 
controlling this that it is possible to reconcile the two conventionally difficult above-mentioned 
properties. The component of this invention is stated to a detail below. 

Grain-boundary iron carbide: Surplus carbon deposits as iron carbide in the interface of bainite and a 
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ferrite, or a packet between the packets (Sheaf) of bainite, when the dissolution carbon content in a steel 
plate exceeds the balanced dissolution carbon content in the ferrite in the culmination of a hot-rolling 
process, the last microstructure makes a ferrite the main phase and it makes bainite into the main phase 
into a ferrite grain boundary or a grain again. In addition, when manufacturing a steel strip, for example 
with hot rolling, and performing winding processing of a final process by the low temperature side (350 
degrees C or less beyond the martensitic transformation initiation temperature Ms) of a bainite 
temperature-of-transformation field, iron carbide may be included in the ferrite grain in bainite. 
Moreover, in the case of the steel manufactured by heat treatment, a grain boundary may contain iron 
carbide in the above-mentioned grain or a packet. When the final microstructure of a steel plate makes a 
ferrite or bainite the main phase, the local deformability of a steel plate changes with the abundance and 
sizes of iron carbide which exist in a grain boundary (the interface and ferrite grain boundary of bainite 
and a ferrite are put between bainite packets). 

[0017] If the spreading workability which is the representation of local deformability considering the 
steel of various components as hot rolled sheet steel is investigated by thermomechanical treatment, 
negative correlation will be accepted between the reinforcement sigma of a steel plate (kgf/mm2), and 
spreading workability (the ratio lambda of the last bore diameter and initial bore diameter which are 
obtained by the bore expand test besides the weld flash using cone punch), and if sigma is raised, 
generally lambda will decrease. This time usual high intensity steel plates (precipitation-strengthening 
high intensity steel plate etc.) are lambdaxsigma 0.8 showing the balance of reinforcement and spreading 
workability. A value is at most less than 50. When the grain boundary iron carbide of these high 
intensity steel plates is investigated, generally the grain boundary pulse duty factor of iron carbide is 
over 0.1%, and connection of these iron carbide particle in a grain boundary is excessive. It is 
lambdaxsigma 0.8 in order to obtain the balance of good spreading workability and steel plate 
reinforcement. In order to make a value or more into 50, as shown in drawing 2 , it is required to restrict 
the iron carbide pulse duty factor of a grain boundary to 0.1% or less. Therefore, this invention 
prescribes the pulse duty factor of the grain boundary by iron carbide to 0.1% or less. 
[0018] Even if the iron carbide pulse duty factor of a grain boundary is 0.1% or less, when connection of 
iron carbide is excessive, it cannot become a steel plate with the good spreading workability with which 
are satisfied of lambdaxsigma 0.8>=50. It is lambdaxsigma 0.8 when the maximum particle diameter 
(measurement is performed as iron carbide occupancy length between couplings on the grain boundary 
which appears on a two-dimensional cutting plane) of the iron carbide which exists in a grain boundary 
exceeds 1 micrometer. 50 or more are not the value. Therefore, by this invention, in order to obtain good 
spreading nature, the maximum particle diameter in these iron carbide is set to 1 micrometer or less at 
the same time it specifies the iron carbide pulse duty factor of a grain boundary to 0.1% or less. 
[0019] Fatigue strength sigmaw is 106. A definition is given as a lower limit of the stress which is not 
fractured by the fatigue test of the flat-surface bending repeated stress load of a cycle, and the 
superiority or inferiority of a property are judged with a ratio with the reinforcement sigma of a steel 
plate, although fatigue strength sigmaw of a steel plate tends to go up with the reinforcement sigma of a 
steel plate - a ratio — generally sigma w/sigma changes in the about 0.5 to 0.6 range. When the main 
phase of the final organization of a steel plate is used as a ferrite or bainite, if the iron carbide pulse duty 
factor of a grain boundary exceeds 0.1%, as for sigma w/sigma, the value between 0.5-0.6 will be taken 
like the usual high intensity steel plate (precipitation-strengthening high intensity steel plate etc.), and 
sufficient fatigue strength will not be obtained. It becomes the same as that of the level of the fatigue 
strength of DP steel which is 0.1% or less of iron carbide pulse duty factors of a grain boundary on the 
other hand, and is considered that the value of sigma w/sigma becomes 0.6 or more, it is most stabilized 
in the steel plate used now, and high fatigue strength is shown when the maximum particle diameter of 
these iron carbide does not exceed 1 micrometer, or more than it. Therefore, also in order to raise the 
fatigue strength of a steel plate and to make the value of sigma w/sigma or more into 0.6, this invention 
prescribes the iron carbide pulse duty factor of a grain boundary to 0.1% or less, and the overall 
diameter (length between couplings) of these iron carbide is specified as 1 micrometer or less by it. 
[0020] as the steel plate which is excellent in the spreading workability which is the representation of 
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local deformability (lambdaxsigma 0.8>=50), and has high fatigue strength (sigma w/sigma >=0.6) in 
coincidence from the above thing - the main phase — a ferrite or bainite — it is — the iron carbide pulse 
duty factor of a grain boundary -0.1% or less — and the maximum particle diameter of these iron 
carbide makes a steel plate 1 micrometer or less the range of this invention. Moreover, in order to raise 
the fatigue strength of a steel plate further and to make it sigma w/sigma >=0.65, it is necessary to 
specify the maximum particle diameter of the iron carbide which exists in a grain boundary desirably to 
0.4 micrometers or less. 

[0021] C: C needs making it fall as much as possible from becoming the source of the iron carbide of a 
grain boundary. If there are too many contents of C, it not only causes an economical demerit, but the 
addition of V, Ti, and Nb for adjusting the amount and size of grain boundary iron carbide so that it may 
become within the limits of this invention will increase beyond the need, and it will cause a remarkable 
ductile fall. For this reason, an upper limit is made into 0.06 % of the weight. 
[0022] In order to raise the reinforcement of a steel plate by precipitation strengthening, while V, Ti, 
Nb: V, and Ti and Nb are effective elements, they fix C atom in a steel plate in the form of alloy carbide, 
and they have the function to decrease the amount of iron carbide and size of a grain boundary harmful 
to workability and a fatigue property. Moreover, these elements prevent big and rough-ization of the 
austenite grain of the field austenitized by various kinds of welding, and control softening of a heat 
affected zone. Moreover, it is effective in controlling softening of a heat affected zone by controlling 
recovery of a rearrangement remarkably by existence of the carbon nitride of these elements and a 
dissolution atom also in the field which is not austenitized. For this purpose, since that effectiveness was 
saturated even if it added [ Ti / Nb ] 0.2% of the weight 0.2% of the weight exceeding 0.1 % of the 
weight about V, these values were made into the upper limit of Nb, Ti, and V addition. 
[0023] V can raise the degree of hardness near the weld zone by re-depositing during quenching after 
dissolving by welding heat input. However, a lot of addition caused the unnecessary degree-of-hardness 
rise near the weld zone, and the maximum addition is specified as 0.2 % of the weight also from 
embrittlement progressing. Since effectiveness with the sum total of one sort or addition of two or more 
sorts of these alloy elements remarkable in a rise on the strength and reduction of the amount of iron 
carbide and size of a grain boundary at less than 0.005 % of the weight was not brought about, the 
minimum of the total quantity was made into 0.005 % of the weight. Moreover, since the effectiveness 
of these elements was saturated and disadvantageous profit was also economically brought about when 
the sum total of these additions exceeded 0.3 % of the weight, the upper limit of the total quantity was 
made into 0.3 % of the weight. 

[0024] Mn, Si, Cu, Mo, Cr, nickel: These alloy elements can raise the reinforcement of a steel plate by 
dissolving in a ferrite matrix. Although Mn also raises the hardenability of a steel plate with solid 
solution strengthening, since the engine performance of a steel plate will be degraded by hardening 
beyond the need for a weld zone etc. if it exceeds 3.0 % of the weight, it makes an upper limit 3.0 % of 
the weight. Moreover, in order to high-intensity-ize a steel plate with less than 0.2% of the weight of Mn 
addition, it is necessary to add other alloy elements beyond the need, and an economical demerit is 
caused. Therefore, the minimum of Mn addition is made into 0.2 % of the weight. 
[0025] Although Si had the work which carries out grain refining of the iron carbide of a grain boundary 
with solid solution strengthening of a ferrite matrix, since poor plating occurred even if it optimized the 
conditions of a hot-dipping process when the addition exceeded 1.5 % of the weight, the upper limit was 
made into 1.5 % of the weight. Cu can raise the reinforcement of a steel plate greatly by dissolution or 
precipitation strengthening. However, since the effectiveness was saturated with ** 2.0% of the weight, 
it made the upper limit 2.0 % of the weight, moreover - the time of adding Cu — the front face of slab — 
nickel may be added in order to keep description good. 

[0026] Mo fixes C atom in a steel plate in the form of carbide, and has the work which decreases the 
amount of grain boundary iron carbide at the same time it carries out the same work as Mn. Moreover, it 
is effective also in softening prevention of a heat affected zone. However, since a lot of Mo addition 
caused the rise of a production cost and raised the hardenability of a steel plate further beyond the need, 
it made the upper limit of an addition 1.0 % of the weight. 
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[0027] Although Cr carried out the same work as Mo, since it was saturated with ** 1 .5% of the weight, 
the effectiveness made the upper limit 1 .5 % of the weight. Since the reinforcement of a steel plate 
becomes high beyond the need and the workability of a steel plate was remarkably degraded when 
adding one sort of Cu, Mo, and Cr, or two sorts or more, and the sum total exceeded 4.0 % of the 
weight, the upper limit of a sum total addition was made into 4.0 % of the weight. 
[0028] Since P generally used as strengthening elements other than these is segregated to a grain 
boundary and degrades the fatigue strength of a steel plate, it is desirable to restrict the content to 0.01 or 
less % of the weight. 

According to the gestalt control effectiveness of a sulfide, calcium, rare-earth-elements (REM)xalcium, 
or rare earth elements (REM) defangs such inclusion, and has the effectiveness which raises a 
moldability (especially local deformability). 
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[ft£Sl] C : 0. 06MM%aT. Mn : 0. 2 
~3. 0tttt%. Si : 1. 5fift%iaT££#U $ 
£>fcV : 0. 2MM%&T. Ti : 0. 2M%WT. 
Nb : 0. iaft%WT?)£H-tNLii£><9#<0lSt>L 
<Ji2fiia±^^7C^^H-C0. 0 0 5-0. 3» 

$#o. mjtt. ^z<otmwi(ostm^m i 10 

imm2] Cu : 2. OMi%mT. Mo : 1. 0 

ma%&.T. cr : i. 5m&%aT?>!mx'ztit><v 
*wimhL<i±2mj±(o&&jcm£<£itx'4. om 

[1££>S3] Ca : 0. 0 lfig%«Tt> L<«#± 
Htc^(REM) : 0. iai%JilT<OKWCin^ 

+<o i st, t < »i 2S5r#*^-s i t ^ #at-rs^c* 20 



Jl 1 fcSUi 2fEiSfco«2mttfc ^&^fi£(c&ta:JI 

mmi. 2. 3 *» ^itn-iz^Mcmm^tt mm 

£Hl$fc^£tS£fc£^fc^&ft^l. 2, 3. 
4 <W vffc.McfBi&7)£5*#ttfc ESBSBfiSfcWlfcJl 

^o^ksjs (ct co tn&) nxwtcnma 

i«V/CT«$tl^ (A) t>L<tiCTfc 
£VT i + N b t C^Jn4<oa*lk ( T i + N b ) /C 
TfflSS^S* ( B ) 9mBkn3rtt<. t t>wfiu&— # 
ZWkt&zb&Mkk-t&m&lli. 2. 3. 4. 5 

mil 



(A) 



1500* 



4 • (551000 -1400 



21.3CT)^/2 £ST 



£ (^1500+ ^ 



1500* - 4 • (551000 -1400 +21.3CT))/2 
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(B) ST£1750 



/Ti + Nb\ 1 



CT 



2.0 



/Ti + 



Nb 



[0001] 
[0002] 

[^<oa»] mwm&Mi. ©s i . Mn?^ 

&jiM£J:h7x.74h-?hVv?Z(r)mm{£. ON 



[0003] mamuz mmm^mmsizmmi. 

UU SHSwa&gJJteftfc. ( 1 ) MKaa««ttnXtt 
fig (MttfaEROdUBtt. »9aiUS#tt» A-yy/ 
lllltt*) *>«Jt. ( 2 ) B^fcHgHftfttbOfttt* 
|6]±. ( 3 ) BAtt (M£H£3fflAtt*ff*HA.tt) 

mm. mi&t'imszti. &m&&.tz£->xmz~> 
a. &\xr\sxmm mim&) tmmxmzmi 

[0004] Z<7)£o%m$tZl£lhi><7)kLXy 

4 h/-?/\,Ty?4 h 2ttmmn ( v^«?>s d u a 1 



(3) 

3 

Phase : DPffUS) Wm&tlX^h MiUm 
$m5 6 - 1 8 0 5 1^4m s V&M85 9 -4 5 7 3 5 

fire**. ^-^Ig<0|6i±*>«§n. iofcftfcSS 
6 3-4 017^^) aqg^SftT^S. 2*:. g© 

m8&mfa±.zMX:mfct lx s i mm<r>im>&m 
mm®. (*mm6 1-1973 3-*&«9) m&z 

rnmL<tm:kMJ&im>ffiitim&t Lximam 
im<Ms^mmm (hslasss) tf&<m^ 

tlX^Z. 
[0005] 

J:^^fiiiXtttSii^*faSi^«3l^8K*i. DP 

[0006] z<r)£ 0 a jt^^+x-ss 
•0*5^. &^x*m&&mmmx'&t'X&i l m 

[0007] 

vmvtdmfr^vffitf. m&mtztix%tim. 40 
zzt mmxf> hzt £sai l*. 

[0 0 08] tth*>. *Wftvm'gt-?htZb\&T 
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mntmxhh. 

(1) C : 0. 0 6fift%WT. Mn : 0. 2~3. 
Ofift%, Si : 1. 5M%iaT££ifrU S^fc 
V : 0. 2tt«%mT. Ti : 0. 2«*%«T. N 

b : 0. in&%aTo&m?ztit><7)*<7)imi>L< 
«2aia±«o^jcS5:^ffro. 005-0. 3 am 

#0 . 1 %arx. fr^aymtmmmmTWfi 1 
^ marc** z t zimt?h&mm t msm$i& 

[00093 (2) Cu : 2. Oflfi%fclT. Mo : 

i . ossxht. c r : i . 5mm%&.T<r)$mxz 
tit><7)*><r> i m i> l < « 2 afeLto£&7GS££if-r 
4. oas%iaT^tf^t5^sk-rsro«i£a^ 

( 3 ) C a : 0 . 0 l«*%OTt, L<{i#±S7HJt 
(REM) :0. inm%&iT<DtmX'Z.tlt>CO>t><?>l 

[00 10] (4) S?offll8+<7)V/l^yiM ht 
^-5>f htOiiffl*«-&tHp4%3SSfC*S^t^^5 
k-r&mmi. 2. 3Wfifi*>{caiicog^ttf:^ 

(5) AXcf«- 8 S50io<Jw/(jgO. 6£RB* 
fcftJ^SClfcfcfcSth-f&iiPlK 2. 3. 4W>f. 

[ooin (6) m&izmmib^zzm-izbt: 
mfo^xncvmiimm&& (st (x:) m 
wtmm>mL&%. (ct co fcniuo tjiw 

fcCO^flD*<7)««JtV/CT«ffi$n^ (A) i>L 
<iiCT&£VT i + N b t CgsfltttOMJt (Ti + 
Nb ) /CTm.ZtlZ& ( B ) <7>8H*y>£< b <>H 

-mA^srSfa-rscitsr^ak-rsiiffli. 2. 
3. 4, 50)^-riu*£w&mmmtmma8miz 
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[S3] 



(4) #1^6-322479 

5 ; 6 

(A) ^1500-/^ 1500* - 4 '(551000 -1400 + 2l.3CT^/ 2 £ST 



v \ 

1500* - 4 • (551000 -1400 +21.3CT)|/2 



[00 13] 



(B) STS1750 



/Ti + Nby 



* [&4] 

2.0 



CT 



Nb 



[0014] i 

%&tixt$ o mtu r«s j ^3 8^ m 2 9^ 
1 5-2 ih) . m&n$?nm&mmtt* i MmTi> 

h. -*fcSHK<0&^5 0kgf/inm* ^SxS 

mmmzRm^aMmmtA^ < . 
slam) zm\.\ m*)ML%jiT(v&%i^0miZ 
<mfc{twmT&mm#miL. ztzzixtjmn 30 

&.0)±Mmwx^hzt*%&Lti. ait. ±m\ 
&<rmmm:m-?. Sot. WckZftLftmamzm 

wm ( f v > * Tifsi t «k 0 ts#^M2iJj£«* 

mmthztx\ mmt. vomit, mMau^n 

££&mfcc^{umfcco&9M&ft±.izmmizm 

<. 

[00 1 5] m(?>mm38ffizmLxi>. wmw 

^fm.mm^^tim.m<7)m^-^ xaz 
£->x&fctz. m2iz*(rmm%z*t. tm%m 
m^m^mtm^n^mazx ->xwmm 



[0016] c\ffi i o tzSm<v&9mi£ti£VXJZAfM 

x^i^^ntm^^mitim^z^timiim 
izxix&tetzztfrt,. ztimm-zztiz* 
0. mmmxi>^tc±M2^<7)tmmiLZitz>zt 
mmxh^ztammLfz. &riz*micDmfmm 

mx<r>y^4 h*<vm®m&mm$:±mm&iz 
-rs^tu±7x5>f h&mt:im.ftiz. ttz^± 

4 Y*$&k'$hi%&\z\*«.A1r4 hWirv h (Sh 

eaf)in. vty^ivvmrnztzteK* 
»/ bfttzmmmt Lxma-th . z<mtzwz_&?m 
mtzZ'>xm*'Wk?h*fr£iiz. maMcrmm 
h>m&immr>ffim < 3 5 omre 

ht±mt-r&i$r&tzii. C^f^f HA** h 

xmommm&ti^it? s . 
[0017] a^o^^^anzjfejiMit <t o*g^ 

te-mkWkxgiko&x) <m\z\t%<rmm&>e> 
*u o&±\fhk \&~mmzi±m^&. z<o#m® 
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b . HRfcS^fc&Oft^^tfO . 1 %*mtXi5 

t. mfrmtwto&^m* o . i xgl7%nw * £ 
[0018] m-<rmtimiimtfo . i %arxt> 

£50 ^g||£1-|»^flniiec7)^^««t=5: 

w ^mz^m-im.m<^&m^ (a^«2ix 
xmKii&mmim&iimzo. i%otk 

[0019] ft^mgtf wli 1 0 6 

tfcjeau mm<mg.<Jt<?>it : i:i>^xim<7>&% 

JJW£fSl»!t;:&S#. itffw/tfttHRfflfcliO. 5 
~0. 6gg<7>3SBTS!Mtf6. iMSOfti^p5:»«K0 

ff<o^ftft^^o. i%s-i@^ h b®%<vm& 
ms. (tfitmifmmmm)mmcf vf/aao. 5~ 
o. eoismzw). +ft%mm&imt>ti%\.K 

mm^mM^wp ium a w/ 

ooMtfo. emit**). mEm>tix\.^sm<v% 
^xm^^Lx^^ssmm:^-t^tt>fth d p 

0. l%ttT£M£U t*o*ix^W&mcogck& 

) £ 1 MmWFtffittZ . 
[0020] J»Jl*>£ ^^gtg^S'C'fcS 

?as(f jnittcgn ( a x <jo. 8 ^ 5 o ) . n*e*v» 

ffifflg. (tfw/oso. 6) SrW^aRgfcLT. ± 
S^g*«li/mjaTcO««^*%BBweiBi:-rS. 

mk<nmm&k £ £>tiSi». «w/^o. 6 5ci- 

[ 0 0 2 1 ] C : C«eH^)^fl:!fe^jSfc^^ fc*» 

&£J:-5t;M-rs*:#>«>v, Ti, Nb^^finS^ 
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^®tt<0ffiT£fi<. .rofcabfcUEfrO. 0 611 

[002 2] V. Ti, Nb : V. Ti. Nbti^fJB^ 
fcfcJ: 93?«<7>3ag£±ff &t:fr&m%7mxt>?> b 

^izsm^cm^-^^immxm^L. tnn 
it. mmmzwi&wfcnmmii&bwxtm- 

10 XTl-4h{tL%^m®£ti^Xi>Ztit><r)jm(r>»m 

mbwrnrnFuvm.^ m&ommmbKvmt 

X'bh. Z<nBm>tz#>lz\t. Vfcowe(io. 2it 
%. TlfcovvcttO. 2Mfi%. NbfcowOiO. 

imm%&mixmaLxi>zn®%tfmi?&zbfr 

£>. Ztlt><7M£Nb^ Ti. vma&<7)±mb Lfc. 
[0023] Vimm*MlZ£ oTMLtt^* 

ts9f ta-Th z b ^^xmstsmmssziMz^ 

20 (rttmzw&JtJizwz. mfctmtszbfrt>hm; 

7iMcoimi>L<it2mmL<^mico^wo. 005 
mm%*mx-img±a. m^m.^mAb^x<r> 
miiz%m%m&i>tzt>zti:\wT. -mmrfm*: 

0.00 5MM%b Itz. £tzZti^<r>Mn%e>£itW 

0. snmxzmthbztihnTmffM&tfmiL. 
mmizi>^\\&t:i>t^i-<nx'Gim<D±s&t:o. 3 
nmxbLiz. 

'■ [0024] Mn, Si. Cu, Mo. Cr, Ni :^ 

30 tL^ffy^jtmty^^ h~?hVv7x*tzwm-r& 
zbiiz^xmfo(nm.m:mit : j £hz\btfX'Zh. m 
nimmitbmzm&<mMx&i>m>&iJ : . 3. 0 
mm%&mz&bmmuco^&±<vmmiz£ 

<Offlfc&£{LZit:&coX-±m&3 . 0W&%b-t&. t 

£0. 2mm%^<?>Mnmmximz-sm.fcrh 
tzMzit^ i&<?>&&^z>m&LLizmifr&>£mti t t> 
*) . mm%T* 0 v h zm< . se^r m n^miM^T 
brsto. 2mm%b-t&. 

[0025] Sili7i7-I V~?hVv?X(0W6mit 

tt*%tLfc. Cxiii.M&l>L<&tfimHtlz£ t )mtii. 
Vffi&Z*iZ<±MZ-£hZbVXZ&. L»L%Vh 

*mm±2. omR%mx'\mm-&r)X'±mz 2 . 

[002 6] Mo«MntH8loa#5r-rSt^fc:. 
50 *^SP^fe^Sfaw«{fcKf 
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±.izm#>&zkfrt>. mmomz 1 . ommxt t 

[002 7] CHiMofcH8<DS££^-S#. Z<rM 

mi i . 5mM%m'dimti-htzMz^ ±mmz i . 

5tt»%tL7t. Cu. Mo, Cr<r>imt^t2mjL 

[0 0 28] zht>tm<>mttjmbixH&izm^t> 
ttx^h Pimmzmvi Lxmm.%m%t:g<tz-£ 
h<r>x\ *^«*o. o imM%&.Tizmmthz 

ca^±wtm (rem) : c att:im±mjcm 
(rem) \±^.wmmmmmzx o . ^n^^ 

izm&cOtim&ZTifXLtoOX. CaliO. Oil 20 
S%1ST. *iJS7C^ (REM) {±0. 1 MM%WFb 

o. ttzZV>£d%l?&:&mzm^-it&t:Mzs 

<o£nm*: o.oi mm%v.Tizmm:i- s -r ta^aa l 
[0029] esffl : mLnmmamms&mmn 
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1 0 



•7M) -y?x at^ism^j. 0 . 16* t LX 7 
ht^>f -h htfi%&ti>m£X'mm<mg.iz 
±*%m<%<%&ztmibi>tix^z>. zntzm 

tizkw-mx. mtL<\*i%aTizmm-&. 

tm%aT<r)$mx'V , Ti. Nb(o+<oiatL<« 
2gia±^aanLfca*fHit, l < tt#goa. 

#v<o*&£fc{;L H3fc^±d£^«>o#i;g-c?> 

®^»aSST*<7 5 OX:mi<iZm%Kiffi J Ml& 

mxbhztm<mLx^&. u&»wnF 

Sit(V/CfcL<tt (Ti+Nb) /COW?^) 

f&agsTtfneo (a) t,L<ta (b) <o^<tt 
^■ffi*— mm&timz^wmmi±^m^m 

[0031] 

[S5] - 



(A) 



(woo - ^ 



1500 1 



4 - (551000 - 1400 



V \ 
+21.3CT)) 

C / 



/2 <ST 



[0032] 



1500* - 4 • (551000 -1400 



X *[St6] 



+ 21.3CT))/2 



/Ti + Nb\ a CT 

(B) ST^1750-28( J -2.0 ; 

\ C / /Ti + 



Nb 



[0033] 

[Hifcfll] * 1 1 0 0 0XliJ>t> 1 

3 0 0-C<D3»an3*U *i«Ar3 «ag-3 0 

m%<7)&&£X'ti;ioLxm.^t:m2 mmff>mmi$. 

t\ mmb^XUX'tb-yt L£&. J I S 5^15135*50 



*8L ftJ&ftSi* (n*>m?VTy>Al 5%. JT^iS 

set* (msmm. K*itR=- ko^sd . 2 5h 

z) (ciO^tt^aiEL^. «tt«?)-£££2£*L 
fc. f^CTOgJR&g (1C) . STtemm-tZT 

nx-commm. (xd , v* liv^y-tM 
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1 2 



m (%) . fs ti©^o^fl:«3fc:«t & <nm 

Jg ( k g f /mm' ) % Xtt^fJnitt^a-t^m-C 
10 6 @T^9£L«mgkgf/mm* N csiiM* 



[0035] 
[SI] 





c 


Si 


lb 


Nb 


Ti 


V 


Cu 


Mo 


Cr 


A 


0.030 


0.500 


2580 




0.030 










B 


0.028 


0.430 


2490 




0.060 










c 


0.030 


a 510 


2420 




0.100 










D 


0028 


0.520 


2390 




a 150 


0.050 








E 


0.020 


0.380 


2590 






0.060 








F 


tt 032 


0.600 


2210 




0035 


0.060 








G 


a 018 


0.420 


2420 


a 080 












H 


0.020 


0.530 


2350 


a 020 




0.060 








I 


0.020 


0.850 


1.960 


a 020 




0.060 








J 


a 050 


a 210 


2670 


a 020 




a loo 








K 


a 052 


a 570 


1.650 


a 020 


a 060 




a 350 






L 


a 020 


0.530 


2420 


a 020 




0.060 


a 200 


a 200 




M 


a 035 


0.420 


1.680 






0.060 




a 300 




N 


a 032 


0.530 


1.860 


a 020 




0.060 




a 200 


a 500 


0 


a 030 


0.420 


2420 






a loo 






0.800 




a 020 


0.510 


1.750 




0.060 




0.200 




0.500 




a 050 


0 280 


a 890 


a 020 




0.150 




a 300 




R 


a 080 


a 160 


L800 


a 040 


0.070 










S 


a loo 


0.110 


L310 


0.030 


0.020 










T 


a 050 


0.500 


2550 














U 


a 045 


a 210 


3.880 


a 030 




0.040 








V 


a 068 


1.980 


1.560 


0.060 




0.080 









«c SUMl=Cu+Mo + Cr, 5*c SUM2=Nb+T i 4-V 
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m 


B 


Ga 


rem 


sua 


suie 


v/c 


cri +Nb)/c 


til n 


A 








a oo 


0.03 


a oo 


LOO 




B 








a oo 


a 06 


0.00 


Z14 




C 




0.003 




a oo 


a 10 


0.00 


a33 




D 






a oio 


a oo 


0.20 


1.79 


5l36 


mm 


E 




0.002 




a oo 


0.06 


a oo 


aoo 


*mm 


F 








a oo 


a io 


1.88 


LOG 


*mm 


G 








a oo 


0.08 


a oo 


444 


*mm 


H 








0.00 


0.08 


aoo 


LOO 




I 


0.003 






a oo 


0.08 


3.00 


LOO 




J 








0.00 


0.12 


2.00 


a40 




K 


0.003 






0.35 


0.08 


0.00 


L54 


*mm 


L 






a 008 


0.40 


0.08 


aoo 


LOO 


*mm 


M 


0.003 






a 30 


a 06 


L71 


aoo 


*mm 


N 








0.70 


0.08 


1.88 


a 63 


*mm 


0 






a 013 


a bo 


a io 


a33 


aoo 


*mm 


P 








a 70 


0.06 


0.00 


aoo 


*mm 


Q 








0.30 


a 17 


aoo 


a 40 


*mm 


R 


0.003 






a oo 


an 


0.00 


L38 


it&m 


S 








0.00 


aos 


aoo 


aso 


&&m 


T 








a oo 


0.00 


0.00 


aoo 


ttnm 


U 








a oo 


0.07 


0.89 


a67 


tt&m 


V 








0.00 


a 14 


2.11 


L58 





SUMl=Cu+Mo+Cr, 8c SUM2=Nb+Ti+V 
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1 5 



1 6 



m 


*1 


*2 


CT 


A5SMIN 


A3MAX 


B5QIAX 


ST 


A5$ 


Bit; 


A 


0.00 


1.00 


600 


* 


* 


522 


750 




X 


A 


0.00 


LOO 


450 




794 


822 


750 


* 


o 


B 


0.00 


a 14 


600 


* 


* 


802 


850 


* 


X 


B 


a oo 


a 14 


600 


* 


* 


802 


790 


* 


o 


: C 


a oo 


a33 


600 


* 


* 


782 


750 


* 


o 


D 


L79 


5.36 


950 


702 


798 


471 


750 


o 


X 


\ E 


100 


0.00 


600 


696 


804 


* 


750 


o 


* 


F 


1.88 


L09 


600 


713 


787 


569 


750 


o 


X 


G 


0.00 


4.44 


450 


* 


* 


770 


720 


* 


O 


H 


aoo 


LOO 


400 


665 


835 


922 


800 


o 


O 


I 


3.00 


LOO 


400 


665 


835 


922 


800 


o 


O 


J 


2.00 


0.40 


400 


674 


826 


481 


750 


o 


X 


K 


0.00 


1.54 


550 


* 


* 


797 


700 


* 


O 


L 


aoo 


LOO 


450 


672 


828 


822 


750 


o 


O 


M 


1.71 


aoo 


600 


717 


783 


* 


750 


o 


* 


N 


L88 


0.63 


400 


675 


825 


727 


700 


o 


o 


0 


a33 


aoo 


400 


663 


837 


* 


700 


o 


* 


P 


aoo 


aoo 


500 


* 


* 


921 


750 


* 


o 


Q 


aoo 


0.40 


400 


665 


835 


481 


800 


o 


X 


R 


0.00 


1.38 


400 


* 


* 


1015 


700 


* 


O 


S 


0.00 


a so 


600 


* 


* 


46 


750 


* 


X 


T 


0.00 


aoo 


600 


* 


* 


* 


750 


* 


* 


U 


a 89 


a67 


500 


704 


796 


513 


750 


o 


X 


V 


2.11 


L58 


550 


698 


802 


805 


800 


o 


O 
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